BaGe[Ge30g] is trigonal, space group P3, with lattice constants a-11.61, c = 4.74 A, and Z = 3. The structure was established by three-dimensional Patterson and electron density syntheses. Three-dimensional least-squares refinement resulted in a final R value of 6.8 percent (observed data only).
Introduction
The synthesis of three germanates of formula type MeGe 4 O 9 (Me = Sr, Pb, Ba) was reported by Robbins and Levin [I] . 1 A comparison of indexed powder patterns suggested that the compounds were isostructural. This was later confirmed by Eulenberger, Wittman, and Nowotny [2] . In addition, they reported the synthesis of two forms of CaGe4O9 designated a and /3, and found the a form was isostructural with (Sr, Pb, Ba) Ge 4 O 9 .
Crystal chemical considerations (Robbins and Levin [1] ) suggested a structural relationship with the mineral benitoite, BaTiSi 3 O9, whose structure was determined by Zachariasen [3] . Comparison of patterns of 1:4 germanates with indexed benitoite powder data supported this view. From these observations and a consideration of unit cell dimensions, a trial structure for the tetragermanates was obtained (Robbins and Levin [1] ). To test the validity of the proposed model, the structure of BaO # 4GeO2 was determined.
Experimental Data
Single crystals in the form of needles elongated along [001] were obtained by slowly cooling a melt of composition BaGe4O9 from slightly above the congruent melting point of 1392 ±5 °C.
Unit cell dimensions, density measurements, and optical data for this compound were reported by Robbins and Levin [1] . Their data plus the space group information are: No systematic absences were observed. Precession films were consistent with space groups P3ml or P3ml. No satisfactory structure could be derived in these_ space groups. The possible space groups P3 or P3 were then considered. The centrosymmetric choice could be eliminated on the basis of packing considerations because of the short c dimension. The assumption that the space group is P3 was confirmed by the final structure.
Integrating Weissenberg films of levels h k I with / = 0, 1, 2, 3, 4 were taken with Zr-filtered MoKa radiation (A = 0.7107 A) using the multiple film technique. Intensities were measured with a densitometer comparator. Very weak reflections were estimated visually. The intensity data were obtained from a crystal approximately rectangular in cross section with dimensions of 0.043 mm, 0.066 mm, and a length of 0.189 mm. The linear absorption coefficient for molybdenum radiation is 222.41 cm"
1 . Lorentz and polarization factor corrections were applied. Since the main objective of the study was the determination of positional parameters, no corrections for absorption errors were made. The latter would be expected to affect, primarily, the thermal parameters. The data consisted of 327 observed and 435 unobserved independent reflections. 
Structure Determination
Similarities in the x-ray powder patterns and unit cell dimensions of benitoite (BaTiSi 3 O 9 ) and BaO-4GeO 2 led Robbins and Levin [1] to suggest that barium germanate probably exists as BaGeGe 3 O 9 in a structural arrangement closely related to that found for benitoite by Zachariasen [3] . The large number of unobserved reflections obtained in the present study was consistent with the proposed relationship provided the Ba and Ge atoms had x and y parameters near V3 and 2 /3 and z parameters near 0 or V2 in the germanate cell. In benitoite Ba, Ti, and the Si 3 O 9 rings all are on, or around threefold axes. The lower symmetry of the germanate permits, at most, only one of the corresponding atoms or groups to be on a threefold axis.
A three-dimensional Patterson function was computed and peaks corresponding to Ba-Ba and Ge-Ge vectors were identified and related to the proposed model. On the basis of the trial structure and space group P3, three choices of origin were possible i.e., at the center of a Ge 3 O 9 group, at a Ba atom or at an octahedrally coordinated Ge atom. Using coordinates of Ba and Ge from the model, three cycles of Fourier refinement were calculated for each choice of origin. Only the model with a Ge atom at the origin on a threefold axis refined satisfactorily. Using phases based on Ba and Ge positions from the Fourier refinement, a 3-dimensional electron density map was calculated which yielded the oxygen coordinates.
The structure was refined by a full-matrix leastsquares analysis of the 327 observed and 435 unobserved reflections. The final conventional R value based on the 327 observed independent reflections was 0.068. The total number of parameters varied was 62 which included x, y, and z, an isotropic temperature factor for each atom and a scale factor for each level. The final parameters from this refinement are listed in table 1. The temperature factors are not considered meaningful, primarily because of absorption. The correlation matrix from this refinement indicated that many of the variables were correlated to a moderate degree (correlation coefficients on the order of 0.5 to 0.6). The possibility that this was the source of the unrealistic temperature factors was considered. A second least-squares refinement was made in which, alternately, scale and position parameters were varied for 2 cycles with fixed temperature factors and then temperature factors were varied for 2 cycles with fixed scale and position parameters. This was repeated for a total of eight cycles. The result was identical with the first refinement to within one standard deviation. Therefore, only the parameters from the first refinement are given in this paper. Observed and calculated structure factors are reported in table 2.
Atomic scattering factors for neutral Ge and 0" 1 were taken from International Tables for X-ray Crystallography (1962) . Values for Ba +2 were taken from Thomas and Umeda [4] . The barium and germanium form factors were corrected for dispersion (International Tables for X-ray Crystallography, 1962).
Structure Description
A projection of the structure of BaO4GeO 2 along [001] is shown in figure 1 . Numbering of the atoms of the asymmetric unit is consistent with table 1. The structure is made up of rings of three GeO 4 tetrahedra linked together by GeO 6 octahedra. Barium atoms are located in channels of the network. Germanium atoms 1, 2, and 3 are octahedrally coordinated and lie on threefold axes. Germanium atoms 4, 5, and 6, in tetrahedral coordination, make up the Ge 3 O 9 ring. Six rings are linked through a germanium octahedron to form the germanium-oxygen network. The two nonring oxygens of each of three equivalent GeO 4 tetrahedra are bonded to germanium atoms above and below the ring to form GeO 6 groups. Every germanium polyhedron shares all of its corners: GeO 4 tetrahedra share only corners with other polyhedra with the exception of Ge (6), which shares one edge with a barium polyhedron; each germanium octahedron shares three edges with three different barium polyhedra.
The Ge 3 O 9 ring, projected along [001], is shown in figure 2 . Interatomic distances, angles and standard deviations for the three germanium atoms in tetra- /   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   3  3  3  3  3   Fo   93  82  82  17 
Relation to Benitoite
The Angles in the silicate compound and the rings to Si 3 O 9 groups. In the silicate cell, the origin is on a threefold axis at the center of a ring. The Ba ion also lies on a threefold axis. In addition, BaTiSi 3 O 9 has two sheets of rings in the length of the c axis (c = 9.71 A, Zachariasen, [3] whereas BaGe[Ge 3 O 9 ] has one (c = 4.74 A). For discussion, only the first sheet of the silicate structure will be considered.
With the substitution of three germanium atoms for three silicon atoms and one germanium atom for one titanium atom in the formula unit BaTiSi 3 O 9 (to give BaGe [Ge 3 O 9 ]) the following major structural changes are noted: (1) Unlike the silicon atoms and ring oxygens of Si 3 O 9 , germanium atoms and ring oxygens of the Ge 3 O 9 group are not coplanar and the germanium ring does not have threefold symmetry. (2) While the titanium atom lies on a threefold axis at z = 0, three independent octahedrally coordinated germanium atoms lie on threefold axes at z = -0.44 0 A, 0.02 9 A and 0.48 5 A.
3 (3) In benitoite, the barium ion is on a threefold axis surrounded by six oxygen atoms at a distance of 2.74 A and six other oxygens at a distance of 3.4 A. In the germanate cell, the barium ion is linked to 10 oxygen atoms at distances ranging from 2.66 A to 3.28 A, and no longer lies on a threefold axis. (4) SiO 4 tetrahedra share only corners with other polyhedra in benitoite. This is true of GeO 4 groups of the tetragermanate with the exception of Ge(6). The latter shares one edge with a barium polyhedron. (5) There are two sheets of rings within the c dimension of benitoite whereas BaGe[Ge 3 O 9 ] has one. Crystallography data for the two compounds are presented in table 5.
Computations were performed utilizing the x-ray 63 system of crystallographic programs developed at the University of Washington and the University of Maryland [8] .
